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SPECIFICATION 

Electronic Version 1 .2.8 
Stylesheet Version 1 .0 

COLORED OFnCAL DISCS AND 
METHODS FOR MAKING THE 

SAME 

Cross Reference to Related Applications 

This application is a continuation of U.S. Application Serial No. 09/683,346 filed 
December 1 7, 2001 . which Is incorporated by reference herein. 

Background of Invention 

[0001] This disclosure relates to a data storage media, and especially relates to a colored 
data storage media. 

[0002] Digital Versatile Disks (or DVDs) are slowly but surely taking over compact disks 
(CDs). These formats provide significantly more storage capacity than CDs thus 
allowing the recording of up^to 8 hours of video/audio content with high digital 
quality. The number of DVDs sold on the market will likely exceed 1 billion units 
globally in 2001 and is expected to reach about 4 billion by 2004. 

[0003] 

To achieve the high storage density In a disk that has the same overall dimensions 
as a CDp the disk construction has been changed. The most fundamental and visible 
difference is that a DVD is no longer made of a single 1 .2 mm thick plastic substrate 
but of two 0.6 mm halves that are bonded together ("DVD Demystified:" by Jim Taylor, 
ed. McCraw Hill, 1998). in addition, the reading laser wavelength has changed from 
780 nanometers (nm) in CDs, which is located in the near Infrared part of the 
spectrum, to 635 or 650 nm for DVDs that Is located In the visible spectrum. 
Depending on the type of DVD{0VD-5, DVD-9, DVD- 10. DVD-14. DVD- 18, DVD-R, 
DVD-RW. etc.), the construction can vary substantially, going from a single side/single 
layer (DVD-5) to double side/double layer (DVD-1 8). not to mention the recordable 
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formats such as DVD-R and DVD-RW. The tight specifications (European Association 
for Standardizing Information and Communication Systems fECMA") Specifications 
#267 for 1 .20 mm DVD-Read only disk) imposed by the Optical Media consortium, 
combined with the fact that the laser wavelength is located in the visible spectrum 
makes DVD manufacturing a challenge. 

[0004] The optical properties of the substrate are not the only requirements for DVDs. 

For example, the size of the pits is much smaller in a DVD, which implies that a DVD 
is more sensitive to resin quality (impurities) than a CD. Due to their thinner gage (0.6 
mm instead of 1 .2 mm). DVDs are also more challenging than CDs in terms of 
molding. In fact, the rheology (flow characteristics) of the resin is important and 
tightly controlled. Additionally, inconsistencies in the thickness of the disk body are 
also a source of defects in optical disks. A DVD is much more sensitive to the 
presence of such defects because it is not only thinner and read in the visible 
spectrum, but it is also read at a higher rotational/scanning speed than a regular CD. 
The most advanced DVD formats that are multi-layered (as for example DVD-9, DVD- 
1 4 and DVD-1 8) represent the highest degree of difficulty because of the presence of 
both a fully reflective and a semi-reflective layer associated with 2 layers of pits (e.g., 
patterning which forms geographic locators). Single layered DVDs, I.e. DVD-5 and 
DVD-1 0, do not have the semi-reflective layer and contain only one layer of pits. As a 
result of the' differences in the disk construction, reflectivity requirements are very 
different between single layered and multi-layered disks. 

[0005] To date, all the pre-recorded or recordable multi-layered DVDs available on the 
market are made with colorless resin. The only aesthetic difference between DVDs 
comes from the metallization (i.e., the data layer). For example a gold disk is obtained 
when gold is used, and similarly, a bright silver took is obtained with silver, silver alloy 
or aluminum. 

Summary of Invention 

[0006] 

Disclosed herein are optical discs and methods for making the same. In one 
embodiment, the optical discs comprise: at least two plastic substrates comprising a 
bonding layer and a data layer disposed therebetween, wherein at least one of the 
substrates is a read side substrate comprising greater than or equal to about 0.05 wt% 
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colorant, based upon the total weight of the read side substrate, and wherein the read 
side substrate has a UV Bonding Index of greater than or equal to about 0.5. 

[0007] One method for malcing the optical disc comprises: forming a first plastic 

substrate comprising greater than or equal to about O.OS wt% colorant, based upon 
the total weight of the first plastic substrate, wherein a UV Bonding Index of the first 
plastic substrate is controlled to be greater than or equal to about 0.5, disposing a 
data layer between the first plastic substrate and a second substrate, bonding the first 
plastic substrate to the second plastic substrate with a bonding layer, and curing the 
bonding layer. 

[0008] These and other features will be apparent from the following brief description of 
the drawings, detailed description, and attached drawings. 

Brief Description of Drawings 

[0009] Referring now to the following Figures, in which: 

. [0010] Figure 1 Is a schematic representation of a DVD 9 construction; 

[001 1] Figure 2 is a schematic of a CD construction having a single reflective layer 
disposed at a second side of the substrate; 

[001 2] Figure 3 is a schematic of a DVD construction having a single reflective data layer 
disposed within the substrate; 

[0013] Figure 4 is a schematic of a DVD construction having two reflective data layers, a 
semi-reflective data layer and a fully reflective data layer, disposed within the 
substrate; 

[0014] Figure 5 Is a schematic of a DVD construction having a single reflective data layer 
and a single laser; 

[001 5] Figure 6 Is a schematic of a DVD construction having two reflective data layers, 
both disposed on opposite sides of the center of the substrate, and each readable 
from different sides of the substrate; 

[0016] 

Figure 7 is a schematic of a DVD construction having two reflective data layers, 
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both disposed on opposite sides of the center of the substrate, and both readable 
from the same side of the substrate; 

[001 7] Figure 8 Is a schematic of a DVD construction having two reflective data layers, 

both disposed on the same side of the center of the substrate, and both readable from 
the same side of the substrate; 

[001 8] Figure 9 is a schematic of a DVD construction having four reflective data layers. 

two disposed on each side of the center of the substrate, and two readable from each 
side of the substrate; 

(001 9] Figure 1 0 is a graphical illustration of transmission curves of experimental 
formulations; 

[0020] Figure 1 1 are graphical illustrations of a spectral distribution of type "D" 
electFodeless bulb from fusion UV systems; 

[0021] Figure 1 2 is a graphical representation of a percentage of incident energy 
transmitted through substrates of experimental formulations; and 

[0022] Figure 1 3 is a graphical representation of the absorption spectrum of Daicure 
Clear SD-698 lacquer. 

Detailed Description ' 

[0023] Currently, DVDs found on the market are made using clear (colorless) resin. The 
clear disks show good optical/electrical properties (reflectivity, Jitter, parity inner (PI) 
errors, birefringence, etc.) as well as good mechanical properties 
(radial/tangential/vertical tilt), even after aging at 80 " C at 85% relative humidity (RH) 
for 4 days. In an attempt to produce colored disks, it was discovered that the bonding 
capability of some colored formulations was poor, as was reflected in the mechanical 
properties of the disk; i.e., radial/tangential/vertical tilt. In fact, some colored disks 
were completely out of specifications (e.g., a radial tilt greater than ± 800 
mitlidegrees (mdeg)), and therefore could not be considered as a functional disk as 
defined by the industry standard specifications (European Association for 
Standardizing Information and Communication Systems ("ECMA") Specifications #267 
for 1.2 millimeter (mm) DVD^Read only discs). 
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[0024] The bonding problems, which can be seen in any type of disc employing color and 
an adhesive, for example, any type of DVD format (e.g., single layered (such as DVD--5 
and DVD-10), multi-layered (such as DVD-9. DVD-14. DVD-1 8), and the like, 
corresponds to an insufficient curing of the bonding layer (otherwise known as the 
lacquer or adhesive) used to bond the two plastic substrates of the DVD. The 
insufficient curing of the bonding layer leads to tilt defects or, in the worst case, to a 
total adhesion failure where the two substrates do not stick to each other. 

[0025] The process of bonding the plastic substrates of the DVD discs can be 

accomplished with UV light (e.g., In the about 330 to about 41 0 nanometer (nm) 
range) that Irradiates the adhesive (e.g., photocurable bonding layer). The issue with 
the colored discs Is that the colored substrates exhibit some UV absorption with the 
amount of absorption dependent on the level of loading and chemical nature of the 
colorant. The bonding problems occur when the amount of UV light transmission 
through the plastic substrate is low (for example , less than about 1 % of the UV light 
that would transmit through a clear substrate). 

[0026] In order to ensure proper bonding of the substrate layers in the colored discs, a 
. threshold energy Is transmitted through the colored substrate. The threshold energy 
is defined by the total spectral energy (watts) transmitted in the about 330 to about 
410 nm range. It should be emphasized that the threshold energy is herein defined 
with the same cure time as for a clear substrate. It is understood that a lower 
threshold energy could be employed with a longer cure time which could increase the 
efficiency of light absorption by the bonding layer and consequently improve bonding. 
Typical curing time is less than about 3 seconds, with less than or equal to about 2 
seconds preferred. However, the cycle time would be increased considerably which 
would negatively impact disc production rate and hence is not the method of choice. 

[0027] 

The threshold energy can be quantified in terms of a parameter known as the "UV 
Bonding Index" which is a function of the absorption spectrum of the colored 
substrate as well as the spectral distribution of the irradiating source. To obtain the 
UV Bonding Index, the product of the spectral energy output of the irradiating source 
and percentage transmission through the colored plastic substrate is first calculated 
as a function of wavelength over the entire UV-Visible spectrum. Integration of this 



APP^ID=1006S099 



Page 5 of 29 



curve over the wavelength range 330 nm to the bonding layer cutoff (i.e., to the point 
where the bonding layer no longer absorbs the light) provides a value for total energy 
transmitted through the colored substrate in that spectral range. The ratio of the total 
energy passing through a colored substrate to that of the energy passing through a 
clear substrate (calculated by the above procedure) gives a value for the UV Bonding 
Index. Although a UV Bonding Index of greater than or equal to about 0.5 can be 
employed, a UV Bonding Index of greater than or equal to about 1.0 is preferred, 
greater than or equal to about 2 is more preferred, greater than or equal to about 4.0 
is even more preferred. It has been discovered that UV Bonding Indices of less than or 
equal to about 70, less than or equal to about 60, less than or equal to about 50, less 
than or equal to about 40, less than or equal to about 30, less than or equal to about 
20, less than or equal to about 1 0, and even less than or equal to about 5 can be 
employed. 

[0028] The UV Bonding Index can be calculated for any lamp. Some possible lamps 

include the Type 'D* bulb from Fusion UV Systems. Type FQ20007 bulb In the Flash 
Pulse UV curing system (Marubeni/Origin DVD Bonder), DVD Edge Cure lamp (M2 
Corp.), RC742 lamps from Xenon Corp., and the lilce. Similarly, the UV Bonding Index 
can be calculated for any bonding layer that absorbs light in at least a portion of the 
desired spectrum. Some possible bonding layers include Dalcure Series SD-693, SD- 
694 and SD698 (Dainippon Ink & Chemicals. Inc.), Quretech DVD065 and DVD1 06, 
Kayarad MPZ-62, and the like, as well as combinations comprising at least one of the 
foregoing bonding layers. 

[0029] Referring to Figure 1 . a digital versatile disk (DVD) comprises two bonded plastic 
substrates (or resin layers) 1 , each typically having a thickness less than or equal to 
about 1 .0 millimeter (mm), with a thickness of less than or equal to about 0.7 mm 
preferred. A thickness of greater than or equal to about 0.4 mm is also preferred. At 
least one substrate comprises one or more layers (e.g., 3, 5), of data. The first layer 3. 
generally called layer zero (or LO), is closest to the side of the disk from which the 
data is read (surface 7). The second layer 5, generally called layer 1 (LI), Is further 
from the readout surface 7. Disposed between LO (3) and LI (5) are typically an 
adhesive 9 and optionally a protective coating or separating layer 1 1 . Single sided 
DVD*s (i.e., those that will be read from a single readout surface 7 disposed on one 
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side of the DVD), can additionally comprise a label 1 3 disposed on the side of the DVD 
opposite the readout surface 7. 

[0030] In the case of a single layer read from a readout surface 7 (e.g. DVD 5, DVD 10), a 
stamped surface is covered with a thin reflective data layer by a sputtering or other 
deposition process. This creates a metallic coating typically about 60 to about 100 
angstroms ( A ) thick, (See Figures 3, 5, and 6) For two data layer DVDs that are read 
from the same readout surface 7 (e.g. DVD 9, DVD 1 4, DVD 1 8), the laser must be 
able to reflect from the first layer 3 when reading it, but also focus (or transmit) 
through the first layer 3 when reading the second layer 5. (See Figures 4, 7, 8, and 9; 
DVD 9, DVD 9, DVD 14, DVD 1 8, respectively) Therefore, the first layer 3 is "semi- 
transparent" (i.e., semi-reflective), while the second layer 5 Is "fully- reflective*. Under 
current standards set by the Consortium for Optical Media, metallization combination 
for the fully-reflective and semi-reflective data layers, as measured per the electrical 
parameter R14H (as described in ECMA specifications #267), should be about 1 8 
percent {%i to about 30% at the wavelength of the laser. In the present DVD*s, the laser 
wavelength generally employed is less than or equal to about 700 nm, with about 400 
nm to about 675 nm preferred, and about 600 nm to about 675 nm more preferred. 
Although these metallization standards were set for DVD data layers employed- with 
colorless, optical quality resin, they are equally applied to DVD systems with colored 
resin. 

[0031] When color is added to the resin, light transmission through and reflected from 
the substrate is effected. The metallization nature and thickness on the semi- 
reflective and fully reflective (LO (3) and LI (5)) layers is adapted for the light 
transmission of the substrate. Desired reflectivity can be obtained by balancing the 
metallization thickness with the reflectivity of the semi-reflective data layer 3, and by 
adjusting the thickness of the fully reflective data layer 5 to ensure Its reflectivity is 
within the desired specification. 

[0032] 

Metallization for the individual data layer(s) can be obtained using various 
reflective materials. Materials, e.g., metals, alloys, and the like, having sufficient 
reflectivity to be employed as the semi-reflective and/ or fully reflective data layers, 
and which can preferably be sputtered onto the substrate, can be employed. Some 
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possible reflective materials comprise gold, silver, platinum, silicon, aluminum, and 
the like, as well as alloys and combinations comprising at least one of the foregoing 
materials. For example, the first/second reflective data layer metallization can be 
gold/aluminum, silver alloy/aluminum, silver alloy/silver alloy, or the like. 

[0033] In addition to the overall reflectivity of each layer 3,5, the difference in reflectivity 
between subsequent reflective data layers (e.g., layers 3,5) should be controlled, in 
order to ensure sufficient reflectivity of the subsequent layer. Preferably, the 
difference in reflectivity between subsequent layers (e.g., the first and second layers 
3,5) is less than or equal to about 5%, with less than or equal to about 4% preferred, 
and less than or equal to about 3.0% more preferred. It is further preferred to have a 
reflectivity difference between the adjacent reflective data layers 3,5, of greater than 
or equal to about 0.5%, with greater than or equal to about }% more preferred. It 
should be noted that although described in relation to two layers, it is understood that 
more than two layers could be employed, and that the difference In reflectivity 
between subsequent layers should be as set forth above. 

[0034] The reflective data layers are typically sputtered or otherwise disposed on a 

pattern (e.g., surface features such as pits, grooves, asperities, start/stop orientor. 
and/or the like) formed into a surface of the substrate via molding, embossing, or the 
like. Depositions, for example, can comprise sputtering a semi-reflective data layer 
over a first patterned surface. A separator layer or protective coating can then be 
disposed over the semi-reflective data layer. If a multiple data layer DVD (e.g., DVD 

nd 

14, DVD 1 8, or the like) is to be formed, a 2 patterned surface can be formed (e.g., 
stamped or the like) in the side of the separator layer opposite the semi-reflective 

data layer. A fully reflective data layer can then be sputtered or otherwise deposited 

on the separator layer. Alternatively, for DVD 14 construction, the fully reflective data 

layer can be deposited on a patterned surface of a 2 substrate (or resin layer). A 
separate layer or protective coating is then disposed on one or both of the semi- 
reflective data layer and the fully reflective data layer. A bonding agent or adhesive 
can then be disposed between the 2 substrates and they can be bonded together to 
form a disk as illustrated in Figures 3-9. Optionally, several semi-reflective data layers 
can be deposited with a separator layer between each subsequent layer. 
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[003 5] The reflectivity of the reflective data layer(s) can be about 556 to about 1 0096. 
depending upon the number of reflective layers, if a single reflective data layer is 
employed, the reflectivity is preferably about 30% to about 100%, with about 35% to 
about 90% more preferred, and about 45% to about 85% even more preferred. If a dual 
reflective data layer is employed, the reflectivity of the data layers is preferably about 
5% to about 45%, with about 1 0% to about 40% more preferred, about 1 5% to about 
35% even more preferred, and about 1 8% to about 30% especially preferred. Finally, if 
multiple reflective data layers (e.g., greater than 2 reflective data layers readable from 
a single reading surface) are employed, the reflectivity is preferably about 5% to about 
30%. with about 5% to about 25% more preferred. The especially preferred ranges are 
currently based upon the ECMA specification #267, wherein the reflectivity is either 
about 1 8% to about 30% reflectivity for a dual layered DVD (e.g., at least one fully 
reflective layer and at least one semi-reflective layer) or about 45% to about 85% 
reflectivity for a single layer DVD (e.g., one fully reflective layer). 

The substrate can comprise any optical quality plastic, e.g., any plastic that 
enables the transmission of about 60% to less than 94% of light therethrough, in the 
wavelength region of the laser. Within that transmission range, preferably, the 
transmissivity is greater than or equal to about 70%, with greater than or equal to 
about 74% more preferred, and greater than or equal to about 78% especially 
preferred. Depending upon the type and amount of colorant employed, the 
transmissivity can be less than or equal to about 92%, with less than or equal to about 
88% and even less than or equal to about 85% possible, depending upon the type of 
colorant. It should be noted that as the transmissivity of the colored substrate 
decreases, the ability to anain the desired adhesion of the substrates becomes more 
difficult. 

The plastic substrate can comprise a resin such as an amorphous, crystalline, or 
semi-crystalline thermoplastic, a thermoset, or a combination comprising at least one • 
of the foregoing plastics. Some possible plastics include polyetherimides, 
poiyetheretherketones, polyimldes, polyvinyl chloride, polyoleflns (including, but not 
limited to, linear and cyclic polyoleflns and including polyethylene, chlorinated 
polyethylene, polypropylene, and the like), polyesters (Including, but not limited to, 
polyethylene terephthalate, polybutylene terephthalate, polycyclohexylmethylene 
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terephthalate, and the like), polyamides, polysulfones (including, but not limited to, 
polyethersulfones, polyetherethersulfones, hydrogenated polysulfones. and the like), 
poiyimides, polyether tnnides, poiyether sulfones, polyphenylene sulfides, polyether 
ketones, polyether ether ketones, ABS resins, polystyrenes (including, but not limited 
to, hydrogenated polystyrenes, syndiotactic and atactic polystyrenes, polycyclohexyl 
ethylene, styrene-co-acrylonitrile, styrene-co-maleic anhydride, and the like), 
polybutadiene, polyacrylates (including, but not limited to, polymethylmethacrylate, 
methyl methacrylate-polylmlde copolymers, and the like), polyacrylonitrile, 
polyacetals, polycarbonates, polyphenylene ethers (including, but not limited to, those 
derived from 2,6-dimethylphenol and copolymers with 2,3f6-trlmethylphenol, and the 
like), ethylene-vinyl acetate copolymers, polyvinyl acetate, liquid crystal polymers, 
ethylene-tetrafluoroethylene copolymer, aromatic polyesters, polyvinyl fluoride, 
polyvinylidene fluoride, polyvinylidene chloride, tetrafluoroethylene fluorocarbon 
copolymers (e.g., Teflons), epoxy, phenolic, alkyds, polyester, polyimlde. 
polyurethane, polysiloxanes, polysllanes, bis-maleimides, cyanate esters, vinyl, and 
benzocyclobutene resins, in addition to blends, copolymers, mixtures, reaction 
products and composites comprising at least one of the foregoing plastics. Preferably, 
the substrate comprises polycarbonate, with a primarily polycarbonate (e.g., greater 
than or equal to about 80% polycarbonate) substrate especially preferred. 



As used herein, the terms "polycarbonate", "polycarbonate composition", and 
"composition comprising aromatic carbonate chain units" Includes compositions 
having structural units of the formula (I): 



r'-O — II— O (0 

in which at least about 60 percent of the total number of R ^ groups are aromatic 
organic radicals and the balance thereof are aliphatic, allcyclic, or aromatic radicals. 

Preferably, R ^ Is an aromatic organic radical and, more preferably, a radical of the 
formula (II): 

— A'— Y'— A*— 



wherein each of A and A is a monocyclic divalent aryl radical and Y Is a bridging 

radical having one or two atoms which separate A from A ^ . In an exemplary 

embodiment, one atom separates A ^ from A ^ . Illustrative, non-limiting examples of 
radicals of this type are -0-, -S-, -S(0)-, -S(0 )-, -C(0)-, methylene, cyclohexyl- 



[0038] 



o 




2 



2 
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methylene, 2-[2,2,l]-bicycloheptylldene, ethylidene, isopropylidene, neopentylidene. 
cyclohexylidene. cyclopentadecylidene, cyclododecylidene, and adamantylidene. The 

bridging radical Y ^ can be a hydrocarbon group or a saturated hydrocarbon group 
such as methylene, cyclohexylidene or isopropylidene. 

[0039] Polycarbonates can be produced by the Interfacial reaction of dihydroxy 

compounds In which only one atom separates A ^ and A ^ . As used herein, the term 
"dihydroxy compound" includes, for example, bisphenol compounds having general 

formula (III) as follows: 

^ — ^ am 
a b 

wherein R and R each represent a halogen atom or a monovalent hydrocarbon 
group and may be the same or different; p and q are each independently integers 
a 

from 0 to 4; and X represents one of the groups of formula (IV): 

_f_ ^ X 

I* m 
c d 

wherein R and R each independently represent a hydrogen atom or a monovalent 
linear or cyclic hydrocarbon group and R is a divalent hydrocarbon group. 

[0040] Some illustrative, non-limiting examples of suitable dihydroxy compounds include 
dihydric phenols and the dihydroxy-substituted aromatic hydrocarbons disclosed by 
name or formula (generic or specific) in U.S. Patent No. 4.21 7,438. A nonexclusive list 
of specific examples of the types of bisphenol compounds that may be represented by 
formula (III) includes the following: l,l-bis(4-hydroxyphenyl) methane; l,l-bis(4- 
hydroxyphenyl) ethane; 2,2-bis(4-hydroxyphenyl) propane (hereinafter "bisphenol A" 
or "BPA"); 2,2-bls(4-hydroxyphenyl) butane; 2,2-bis(4-hydroxyphenyl) octane; 1,1 -bis 
(4-hydroxyphenyl) propane; 1 ,1 -bis{4-hydroxyphenyl) n-butane; bis(4- 
hydroxyphenyl) phenylmethane; 2,2-bis(4-hydroxy-l-methylphenyl) propane; 1,1 -bis 
(4-hydroxy-t-butyIphenyl) propane; bis(hydroxyaryl) alkanes such as 2,2-bls(4- 
hydroxy-3-bromophenyl) propane; l,l-bis(4-hydroxyphenyl) cyclopentane; and bis 
(hydroxyaryl) cycloalkanes such as 1 ,1 -bis(4-hydroxyphenyl) cyclohexane; and the 
like, as well as combinations comprising at least one of the foregoing compounds. 

[0041] 

It is also possible to employ polycarbonates resulting from the polymerization of 
APP_ID=1 0065099 Page 11 of 29 
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two or more different dihydric phenols or a copolymer of a dihydric phenol with a 
glycol or with a hydroxy- or acid-terminated polyester or with a dibasic acid or with a 
hydroxy acid or with an aliphatic diacid in the event a carbonate copolymer rather 
than a homopolymer is desired for use. Generally, useful aliphatic diacids have from 2 
to about 40 carbons. A preferred aliphatic diacid is dodecandioic acid. Polyarylates 
and polyester-carbonate resins or their blends can also be employed. Branched 
polycarbonates are also useful, as well as blends of linear polycarbonate and a 
branched polycarbonate. The branched polycarbonates may be prepared by adding a 
branching agent during polymerization. 

[0042] These branching agents may comprise polyfunctlonal organic compounds 

containing at least three functional groups that may be hydroxyl, carboxyl, carboxylic 
anhydride, haloformyl, and mixtures comprising at least one of the foregoing groups. 
Specific examples include trimellitic acid, trimellitic anhydride, trimellitic trichloride, 
tris-p-hydroxy phenyl ethane, isatln-bis-phenol. tris-phenol TC (1 .3,5-tris((p- 
hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1 ,1 -bis(p-hydroxyphenyl)- 
ethyl) alpha,alpha-dimethyl benzyDphenol), 4-chloroformyl phthalic anhydride, 
trimesic acid and benzophenone tetracarboxylic acid, and the lii<e. The branching 
agents may be added at a level of about 0.05 to about 2.0 weight percent, based upon 
the total weight of the resin. Branching agents and procedures for making branched 
polycarbonates are described in U.S. Patent Nos. 3,635,895 and 4,001 ,1 84. All types 
of polycarbonate end groups are herein contemplated. 

10043] Preferred polycarbonates are based on bisphenol A, in which each of A ^ and A ^ 

is p-phenylene and Y is Isopropylidene. Preferably, the weight average molecular 
weight of the polycarbonate is about 5,000 to about 1 00,000, more preferably about 

1 0.000 to about 65,000, and most preferably about 1 5,000 to about 35,000. 

[0044] 

In monitoring and evaluating polycarbonate synthesis, it is of particular interest to 
determine the concentration of Fries product present in the polycarbonate. As noted, 
the generation of significant Fries product can lead to polymer branching, resulting in 
uncontrollable melt behavior. As used herein, the terms "Fries" and "Fries product" 
denote a repeating unit in polycarbonate having the formula (V): 
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wherein X ^ is a bivalent radical as described in connection with formula (ill) described 
above. 

[0045] The polycarbonate composition may also include various additives ordinarily 

incorporated in resin compositions of this type. Such additives are, for example, fillers 
or reinforcing agents; heat stabilizers; antioxidants; light stabilizers; plasticizers; 
antistatic agents; mold releasing agents; additional resins; blowing agents; and the 
like, as well as combinations comprising at least one of the foregoing additives. 
Examples of fillers or reinforcing agents include glass fibers, asbestos, carbon fibers, 
silica, talc and calcium carbonate. Examples of heat stabilizers include triphenyl 
phosphite, tris-(2,6-dimethYlphenyl)phosphite, tris-(mixed mono-and di- 
nonylphenyl)phosphite, dimethylbenzene phosphonate, and trimethyl phosphate. 
Examples of antioxidants include ortadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl) 
propionate, and pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl) 
propionate]. Examples of light stabilizers include 2-(2-hydroxy-5-methylphenyl) 
benzotriazole, 2-(2-hydroxy-5-tert-octylphenyl)-benzotriazole and 2-hydroxy-4-n- 
octoxy benzophenone. Examples of plasticizers include dioctyl-4,5-epoxy- 
hexahydrophthalate, tris-(octoxycarbonylethyl)isocyanurate, tristearin and epoxidized 
soybean oil. Examples of the antistatic agent include glycerol monostearate, sodium 
stearyl sulfonate, and sodium dodecylbenzenesulfonate. Examples of mold releasing 
agents include stearyl stearate, beeswax, montan wax and paraffin wax. Examples of 
other resins include but are not limited to polypropylene, polystyrene, polymethyl 
methacrylate, and polyphenylene oxide. Combinations of any of the foregoing 
additives may be used. Such additives may be mixed at a suitable time during the 
mixing of the components for forming the composition. 

[0046] 

In addition to the polymer and coloring material, the composition may optionally 
include various additives ordinarily incorporated in resin compositions of this type. 
Such additives may include UV absorbers; stabilizers, such as light and thermal 
stabilizers (e.g., acidic phosphorous-based compounds); hindered phenols; zinc 
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oxide, zinc sulfide parttcies, or combination thereof; lubricants (mineral oil, and the 
like); plasticizers; antioxidants; anti-static agents (tetra alkylammonium benzene 
sulfonate salts, tetra alkylphosphonium benzene sulfonate salts, and the like); mold 
releasing agents (pentaerythrltol tetrastearate; glycerol monstearate, and the like); 
and the like, and combinations comprising at least one of the foregoing additives. For 
example, the substrate can comprise about 0.01 weight percent wt96 to about 0.1 wt% 
heat stabilizer; about 0.01 wt% to about 0.2 wt% antistatic agent; and about 0.1 wt% to 
about 1 wtX mold releasing agent; based upon the total weight of the polymer. 

[0047] Some possible antioxidants include, for example, organophosphites, e.g., tris 
(nonyl-phenyDphosphite, trls(2.4-dl-t-butylphenyl)phosphite. bis(2,4-di-t- 
butylphenyDpentaerythritol diphosphite, distearyl pentaerythrltol diphosphite and the 
like; alkylated monophenols, polyphenols and alkylated reaction products of 
polyphenols with dienes, such as, for example, tetrakis[methylene(3,5-di-tert-butyl- 
4-hydroxyhydrocinnamate)] methane. 3,5-di-tert-butyl-4-hydroxyhydrocinnamate 
octadecyl, 2,4-di-tert-butylphenyl phosphite, and the like; butylated reaction 
products of para-cresol and dicyclopentadiene; alkylated hydroquinones; 
hydroxylated thiodiphenyl ethers; alkylidene-bisphenols; benzyl compounds; esters of 
beta-(3,5-di-tert-butyl-4-hydroxypheny!)-propionic acid with monohydric or 
polyhydric alcohols; esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyI)- 
propionic acid with monohydric or polyhydric alcohols; esters of thioalkyi or thioaryl 
compounds, such as, for example, distearylthiopropionate, dilaurylthloproplonate, 
ditridecylthiodipropionate, and the like; amides of beta-(3,5-di-tert-butyl-4'- 
hydroxyphenyO-propionic acid; and the like, as well as combinations comprising at 
least one of the foregoing antioxidants. 

[0048] 1^ order to aid in the processing of the polymer, particularly polycarbonate, 

catalyst(s) may also be employed, namely in the extruder or other mixing device. The 
catalyst typically assists in controlling the viscosity of the resulting material. Possible 
catalysts include hydroxides, such as tetraalkylammonium hydroxide, 
tetraalkylphosphonium hydroxide, and the like, with diethyldimethylammonium 
hydroxide and tetrabutylphosphonium hydroxide preferred. The catalyst(s) can be 
employed alone or in combination with quenchers such as acids, such as phosphoric 
acid, and the like. Additionally, water may be injected into the polymer melt during 
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compounding and removed as water vapor through a vent to remove residual volatile 
compounds. 

[Q049] The polymer is produced by using a reaction vessel capable of adequately mixing 
various precursors, such as a single or twin screw extruder, kneader, blender, or the 
like. The polymer is then formed, via a molding, extrusion, rolling, stamping, or 
similar techniques, into a substrate. 

[0050] Adjacent substrates are attached together with an adhesive or bonding agent 
(e.g., separator or bonding layer). Any bonding agent having the desired optical 
qualities can be employed. Some possible bonding agents include glue (e.g., hot glue), 
acrylic resin (e.g., ultra-violet (UV) curable acrylic resin, with transparent (i.e., greater 
than or equal to UV curable acrylic resin preferred), and the like, as well as 
combinations comprising at least one of the foregoing bonding agents. 

[0051] As with the bonding agent, the separating layer can comprise a transparent 
material. Some possible separating layers include UV curable transparent resins. 
Typically, the separating (bonding) layer is up to or exceeding several hundreds of 
micrometers ( p m) thick, with a thickness of less than or equal to about 1 00 p m 
useful, and a thickness of about 40 p m to about 70 p m typically employed with 
current DVD formats. 

[0052] The color can be added to the DVD by incorporating colorant into the substrate 
(e.g.. the resin layer), the separator layer(s), a top coat, or any combination 
comprising at least one of the foregoing layers. The coloring of the disk can be 
obtained in several ways, e.g., using a pre-colored resin for the substrate(s) and/or 
separating layer(s), mixing a colorless resin and a color concentrate at the molding 
machine, and using liquid or powder coloring (or a combination comprising at least 
one of these methods). Whether the colorants are introduced by feeding during the 
extrusion process, by physical mixing of colorless pellets with a color concentrate 
before molding, or by liquid or powder coloring at the molding machine, the colorant 
and its concentration are chosen to meet the DVD specifications. Even when colorant 
is employed, transparency of the substrate (e.g., greater than or equal to about 60% 
transparency at the reading wavelength) is maintained In order to attain a bootable 
DVD. 
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[0053J Transparency of the substrate is directly related to the amount of scattering 

particles present in the substrate and their size. If they are significantly smaller than 
the visible wavelength, scattering will not be noticeable. Since the colorants can be a 
major source of scattering particles, the colorant is preferably filtered, with melt 
filtering especially preferred, e.g., during adding in the extrusion process. Preferably, 
the size of the filtered colorant particles (and aggregates thereof) is less than or equal 
to about 200 nanometers (nm), with a particle (and aggregate) size of less than or 
equal to about SO nm preferred. 

[0054] Colorants are also preferably selected so that they solubilize in the material used 
to form the layer in which the colorant is disposed. Colorants that are soluble in the 
materials used for DVD layers include dyes (e.g., "solvent dyes"), organic colorants, 
pigments, and the like, which behave like dyes; I.e., colorants that disperse in the 
plastic and do not form aggregates having a size greater than or equal to about 200 
nm, with an aggregate size less than or equal to about 50 nm preferred. Some 
suitable colorants include, but are not limited to, those of the chemical family of 
anthraquinones, perylenes, perinones, Indanthrones, quinacridones, xanthenes, 
oxazlnes, oxazolines, thioxanthenes, indigoids, thioindigoids, naphtalimides, 
cyanines, xanthenes, methlnes, lactones, coumarins, bis-benzoxaxolylthiophenes 
(BBOT)p napthalenetetracarboxylic derivatives, monoazo and disazo pigments, 
triarylmethanes, aminoketones, bis(styryl)biphenyl derivatives, and the like, as well as 
combinations comprising at least one of the foregoing colorants. 

[0055] Faaors in determining the plastic /colorant combination and the amount of 

colorant employed are currently based upon the above mentioned DVD specifications 
(EMCA Specifications #267). In order to obtain a semi -reflective data layer and a fully 
reflective data layer reflectivity within specifications (about 1 8% to about 30%) for a 
colored multi-layered DVD, the light transmission and colorant concentration are 
balanced. The light transmission through the substrate (i.e., DVD half) at the DVD 
readback laser wavelength is preferably greater than or equal to about 60%. The 
colorant loading, as well as colorant nature (e.g., the shape of the spectral 
transmission curve), are dependent on the target color and light transmissivity. 

[0056] 

Figure 1 0 illustrates the different light transmission of some common plastic 
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colorants (Solvent Violet 13, Solvent Blue 97 and Solvent Green 28). The colorant that 
has the lower absorptivity at the desired wavelength, e.g., at 650 nm. therefore 
exhibits the maximum transmission at this wavelength and is preferred. Selection of 
colorants with high absorptivity at the desired wavelength limits the maximum 
colorant loading possible to yield a functional multi-layered OVO. Since colorants with 
a lower absorptivity at the desired wavelength can be used at higher loadings in the 
formulation it becomes easier to obtain the target color in a functional disk. For 
instance, Solvent Violet 1 B is preferred over Solvent Blue 97 when trying to achieve a 
blue color because of its lower absorptivity at 650 nm. 

[0057] Typically, the colorant loading is greater than or equal to about 0.05 weight 

percent {wt56), with greater than or equal to about 0.1 wt% preferred, greater than or 
equal to about 0.25 wt56 more preferred, greater than or equal to about 0.4 wt% even 
more preferred, and greater than or equal to about 0.5 wt% most preferred, based 
upon the total weight of the substrate comprising the colorant. It is further preferred 
to employ colorant in an amount of less than or equal to about 3.0 wt%, with less than 
or equal to about 2.0 wt% more preferred, less than or equal to about 1 .0 wt% even 
more preferred, and less than or equal to about 0.75 w\% especially preferred. 

[0058] In addition to the reflective layers and separator layer(s), layers such as protective 
layer(s) (e.g., lacquers, and the like), ultra-violet (UV) inhibitor iayer(s), moisture 
barrier layer(s), ductility layer(s), and the lilce, as well as combinations comprising at 
least one of these layers, can be employed. 

[0059] The disclosure is further illustrated by the following non-limiting examples. 
EXAMPLES 

[0060] 

The following example compares bonding capability of five colored and a clear 
DVD in relation to the total energy transmitted through the substrate in the UV range. 
Table 1 lists the details of the formulations used. All six formulations were blended 
and pelletized in a single screw extruder at 290 * C. DVDs were molded from the 
pelletized material using standard procedure and the discs were subjected to 
complete electrical (AudioDev DVDPro SA300 Pulsetech Drive) and mechanical (Dr. 
Schenk PROmeteus MT136) testing. 
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TABLE 1 


Formulatioii 


Samples (amount In parts by weight) 


A 


B 


c 


D 




F 


Polycarbonate resin 


100 


100 


100 


100 


100 


100 


Glycerol monostearate 


0.03 


0.03 


0.03 


0.03 


0.03 


0.03 


Bis(2.4<]icumyl|)beoyl) pealaerytfaritol 
diphosphite 


0.02 


0.02 


0.02 


0.02 


0.02 


0.02 


Solvent red SZ/macrolex red SB 




0.15 


02 


0.3 






Solvent Red 207/rosaplast red 601 












0.4 


Solvent Yellow 93Aiiacrolex yellow 3G 


0.05 


0.1S 


0.1 








Solvent Vtolet 3ti/raacrolex violet 3R 












0.01 



^clw 



. [0061] During the molding process, it is seen that the bonding layer fails to cure 

completely in case of formulations B and C only. This poor bonding/adhesion of the 
two plastic substrates manifests in radial and tangential tilts being out of 
specification. Measurement of the mechanical parameters indicate that the tangential 
tilts on all formulations is within specification, however, as expeaed, radial tilt 
measurements are out of specification for formulations B and C only. (See Table 2) 
[t21 



TABLE2 

lUdial Tilt and Transmission Data for Discs 


Sample 


Mininum Rad' 
Id mdeg 


Maximum Rad' 
Cot mdeg^ 


Average Rad' 
Tilt mdeg 


% 

Transmission' 


A 


-465 


195 


-3.5 


86.67 


B 


-1717 


-1567 


-1743 


83.87 


C 


•180S 


•1S45 


-1467 


83.42 


D 


-382 


-157 


-364 


81.96 


E 


-290 


-185 


-235 


87.17 


F 


101 


262 


223 


82.8 



'±800 mdeg 
'at tlie laser vravclength 



[0062] The transmission curves of formulations A through E across the UV-vlslble region 
are shown in Figure 10. These curves can be used to estimate the energy transmitted 
through the substrate at any wavelength if the spectral distribution of the irradiating 
source Is Icnown. For illustrative purposes, the radiation distribution of a type "D" bulb 
from Fusion UV systems (Figure 1 1) to obtain a distribution of the percentage of the 
incident energy that is transmitted through each of the substrates (Figure 12). 
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[0063] The total energy passing through the substrate about 330 to about 410 

nanometers (nm) (obtained by an integration procedure) expressed as a fraction of 
energy transmitted through the clear substrate Is tabulated below in Table 3. Table 3 
is a comparison of total energy transmitted through disc substrates In the wavelength 
range of about 330 to about 410 nm, expressed as a function of percent energy 
transmitted through clear substrate. In other words, the UV Bonding Index is tabulated 
below in Table 3. In Table 3, it is clearly seen that formulations B and C transmit only 
0.045% of the incident energy which, being below the threshhold level, leads to poor 
bonding. On the other hand, formulations A, D and F have been developed to transmit 
5.6%, 1 3.1% and 49% of the energy, respectively, which, being above the threshhold of 
1%, provides good bonding capability. 
It3] 



TABLES 


Sample 


Ratio of energy transmitted tbrough 

colored substrate to energy 
transmitted tbroagh dear snbstrate 
(%)(UV Bonding Index) 


A 


5.6 


B 


0.044 


C 


0.046 


D 


13.1 


E 


100 


F 


49 



[0064] 

s 

Furthermore, when the absorption profile of the photoinitiator in the bonding 
layer is known, the total energy absorbed by the Initiator can also be calculated by 
Integrating the product of the energy transmitted through the substrate and the 
absorbance of the initiator. Figure 13 shows the absorption spectrum of Daicure clear 
SD-698, an acrylic lacquer used in DVD bonding. The total energy absorbed by the 
photoinitiator for each of the substrates A-F expressed as a percentage of the clear is 
tabulated below (Table 4). 
[t4] 
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TABLE 4 


Sample 


TotaJ energy absoibed by the 
photofnltiator expressed as a 
percenUge of absorbance In a dear 
labstrate 


A 


4 


B 


0.042 


C 


0.045 


D 


U.3 


£ 


100 


F 


49.9 



[0065] By controling the percentage of absorbance of a colored substrate employed In a 
storage media that uses an adhesive, e.g., a DVD, robust formulations for colored 
DVDs having good bonding capability In addition to good electrical/mechanical 
properties can be developed. The amount of absorbance of the photoinitlator exceeds 
about l%to obtain an operable disc. Consequently, the absorbance of the 
photolnitiator can be determined. A parameter of the colorant can then be adjusted to 
attain a UV Bonding Index of greater than or equal to about 0.05. Possible colorant 
parameters include colorant concentration, colorant type, as well as combinations 
comprising at least one of the foregoing parameters. It should be noted that even for 
similar colors, namely Samples B, C, and F (i.e., similar colors to the eye), vastly 
different UV Bonding Indices are obtained, with B and C having poor bonding and F 
having good bonding. It should further be noted that the good bonding is obtained 
even though the % transmission at the laser wavelength for F is less than that for B 
and C. 

[0066] While the invention has been described with reference to an exemplary 

embodiment. It will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 
from the scope of the Invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 



APP_II>1 0065099 



Page 20 of 29 



Claims 

[cl] 1 .A method for making an optical disc, comprising: 

forming a first plastic substrate comprising greater than or equal to about 0.05 
wt% colorant, based upon the total weight of the first plastic substrate, wherein 
a UV Bonding Index of the first plastic substrate is greater than or equal to 
about 0.5; 

disposing a data layer between the first plastic substrate and a second 
substrate; 

bonding the first plastic substrate to the second plastic substrate with a 
bonding layer; and 
curing the bonding layer. 

. [c2] 2.A method for making an optical disc according to Claim 1 , wherein light 

transmission through the first plastic substrate, at a laser reading wavelength, 
is about 60% to less than 94%. 

[c3] 3.A method for making an optical disc according to Claim 2, wherein the light 

transmission is about 70% to about 85%. 

[c4] 4.A method for making an optical disc as described in Claim 1 , wherein the UV 

Bonding Index is less than or equal to about 20. 

[c5] 5.A method for making an optical disc as described in Claim 4, wherein the UV 

Bonding Index is less than or equal to about 1 0. 

[c6] 6.A method for making an optical disc according to Claim 1 , wherein the first 

plastic substrate comprises greater than or equal to about 0.25 wt% of the 
colorant, based upon the total weight of the first plastic substrate. 

[c7J 7.A method for making an optical disc according to Claim 6, wherein the first 

plastic substrate comprises greater than or equal to about 0.5 wt% of the 
colorant, based upon the total weight of the first plastic substrate. 



[c8] 



8.A method for making an optical disc according to Claim 1 , wherein the plastic 
substrate further comprises a plastic selected from the group consisting of 
polyetherimides. polyetheretherketones, polyimides, polyvinyl chloride. 
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polyolefms, polyesters, polyamjdes, polysulfones, polyimides, polyether imides, 
polyethersulfones, polyphenyiene sulfides, polyether ketones, polyether ether 
ketones, A6S resins, polystyrenes, polybutadiene, potyacrylates, 
polyacrylonitrlle, potyacetais, polyphenyiene ethers, ethylene-vinyi acetate 
copolymers, polyvinyl acetate, liquid crystal polymers, ethylene- 
tetrafluoroethylene copolymer, aromatic polyesters, polyvinyl fluoride, 
polyvinylidene fluoride, polyvinylidene chloride, tetrafluoroethylene 
fluorocarbon copolymers, epoxy, phenolic, alkyds, polyester, polylmide. 
polyurethane, polysiloxanes, polysllanes, bis-malelmides, cyanate esters, vinyl, 
benzocyclobutene resins, and blends, copolymers, reaction products, and 
composites comprising at least one of the foregoing plastics. 

[c9] 9.A method for making an optical disc according to Claim 1 , wherein the 

colorant is selected from the group consisting of anthaquinones, perylenes, 
perinones, indanthrones, quinacrldones, xanthenes, oxazines, thioxanthenes, 
indigoids, thioindigoids, naphthalimides, cyanines, xanthenes, methines, 
lactones, coumarins, bis-benzoxaxolylthlophenes 

(B60T),naphthalenetetracarboxylic derivatives, monoazo and disazo pigments, 
triarytmethanes, aminoketones, bis(styryl)biphenyl derivatives, and reaction 
products and blends comprising of at least one of the foregoing colorants; 

[cl 0] 1 0.A method for making an optical disc according to Claim 1 , wherein the data 

layer has a reflectivity of about 1 S% to about 30%. 

[cl 1] 1 1 .A method for making an optical disc according to Claim 1 , wherein the data 

layer comprises multiple reflective data layers having a reflectivity of about 5% 
to about 30%. 

[cl 2) 1 2.A method for making an optical disc as described in Claim 1 , wherein the UV 

Bonding Index is about 1 to about 40. 

[cl 3] 1 3.A method for making an optical disc as described in Claim 1 2, wherein the 

UV Bonding Index is about 2 to about 20. 

^^^^1 1 4.A method for making an optical disc as described in Claim 1 , wherein the 

first plastic substrate and the second plastic substrate have thicknesses of less 
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than or equal to about 1 .0 millimeter. 

[c1 5] 1 5. A method for making an optical disc as described in Claim 1 , wherein the 

thickness Is about 0.4 to about 0.7. 
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[0001] 
[0002] 



[0003] 



[0004] 



Colored Digital Versatile Disks 



ackground of Invention 

This disclosure relates to a data storage media, and especially relates to a colored data 
storage media. 

Digital Versatile Disks (or DVDs) are slowly but surely taking over compact disks (CDs). 
TTiese fonnats provide significantly more storage capacity than CDs thus allowing the recording 
of up to 8 hours of video/audio content with high digital quality. The number of DVDs sold on 
the market will likely exceed 1 billion units globally in 2001 and is expected to reach about 4 
billion by 2004. 

To achieve the high storage density in a disk that has the same overall dimensions as a 
CD, the disk construction has been changed. The most fundamental and visible difference is 
that a DVD is no longer made of a single 1 2 mm ttiick plastic substrate but of two 0.6 mm 
halves that are bonded together ("DVD Demystified:" by Jim Taylor, ed. McGraw Hill. 1998). In 
addition, the reading laser vi/avelength has changed from 780 nanometers (nm) in CDs, which 
is located in the near Infrared part of the spectrum, to 635 or 650 nm for DVDs which is located 
in the visible spectrum. Depending on the type of DVD (DVD-5, DVD-9, DVD-10, DVD-14, 
DVD-18, DVD-R. DVD-RW, ... ), the construction can vary substantially, going from a single 
side/single layer (DVD-5) to double side/double layer (DVD-18). not to mention the r^ecordable 
formats such as DVD-R and DVD-RW. The tight specifications (European Association for 
Standardizing Information and Communication Systems ("ECMA") Specifications #267 for 1.20 
mm DVD-Read only disk) imposed by the Optteal Media consortium, combined with the foot 
that the laser wavelength is located in the visible spectrum makes DVD manufacturing a 
challenge. 

The optical properties of the substrate are not the only requirements for DVDs. For 
example, the size of the pits is much smaller in a DVD, which implies that a DVD is more 
sensitive to resin quality (impurities) than a CD. Due to their thinner gage (0.6 mm instead of 
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1 .2 mm). DVDs are also more challenging than CDs in terms of molding. In fact, the rheology 
(flow characteristics) of the resin is important and tightly controlled. Additionally, 
inconsistencies in the thicl<ness of the disk body are also a source of defects in optical disks. A 
. DVD is much more sensitive to the presence of such defects because it is not only thinner and 
read in the visible spectrum, but it is also read at a higher rotational/scanning speed than a 
regular CD. The most advanced DVD formats that are multi-layered (as for example DVD-9, 
DVD-14 and DVD-18) represent the highest degree of difficulty because of the presence of 
both a fully reflective and a semi-reflective layer associated with 2 layers of pits (e.g., 
patterning which forms geographic locators). Single layered DVDs, I.e. DVD-5 and DVD-10. do 
not have the semi-reflective layer and contain only one layer of pits. As a result of the 
differences in the disk construction, reflectivity requirements are very different between single 
layered and multi-layered disks. 

[0005] To date, all the pre-recorded or recordable multi-layered DVDs available on the market are 
made with colorless resin. The only aesthetic difference between DVDs comes from the 
metallization (i.e., the data layer). For example a gold disk is obtained when gold is used, and 
similarly, a bright silver look is obtained with silver alloy or aluminum. 

Summary of Invention 

[0006] The above-mentioned drawbacks and disadvantages have been overcome and alleviated 
by the optical disk and method of making the same. The optical disk comprises: a first fully 
reflective data layer, a first separating layer disposed on a top side of the first fully reflective 
data layer, a first semi-reflective data layer disposed on a side of the separating layer opposite 
the first fully reflective data layer, a first resin layer disposed on an upper side the first semi- 
reflective data layer opposite the separating layer, and a second resin layer disposed on a 
bottom side of said first fully reflective data layer; wherein the first outer resin layer has light 
transmission at a desired reading wavelength of greater than 60%; wherein a reflectivity of the 
first fully reflective data layer and the first semi-reflective data layer is individually about 18 to 
about 30%; wherein a difference in the reflectivity between the first fully reflective data layer 
and the fii^t semi-reflective data layer is less than about 5%; and wherein at least a portion of 
the optical disk is colored. 

[0007) 

The method for making the optical disk comprises: disposing a first semi-reflective data 
layer on a first resin layer, wherein the first resin layer has light transmission at a desired 
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reading wavelength of greater than about 60%; disposing a top side of a first fully reflective 
data layer on a side of said first semi-reflective data layer opposite said first resin layer, 
wherein reflectivity of the first fully reflective data layer and the first semkeflective data layer is 
individually about 18 to about 30%, and wherein a difference in the reflectivity between the first 
fully reflective data layer and the first semi-reflective data layer Is less than about 5%; 
disposing a second resin layer on a bottom side of said first fully reflective data layer; and 
adding color to at least a portion of the optical disk. 

[0008] These and other features will be apparent from the following brief description of the 
drawings, detailed description, and attached drawings. 

Brief Description of Drawings 

[0009] Refemng now to the following Figures, in which: 

[001 0] Figure 1 is a schematic representation of a DVD 9 construction; 

[001 1] Figure 2 is a schematic of a CD construction having a single reflective layer disposed at a 
second side of the substrate; 

[0012] Figure 3 is a schematic of a DVD construction having a single reflective data layer disposed 
within the substrate; 

[0013] Figure 4 is a schematic of a DVD construction having two reflective data layers, a semi- 
reflective data layer and a fully reflective data layer, disposed within the substrate; 

[0014] Figure 5 is a schematic of a DVD construction having a single reflective data layer and a 
single laser; 

[0015] Figure 6 is a schematic of a DVD construction having two reflective data layers, both 
disposed on opposite sides of the center of the substrate, and each readable from different 
sides of the substrate; 

[0016] Figure 7 is a schematic of a DVD construction having two reflective data layers, both 

disposed on opposite sides of the center of the substrate, and both readable from the same 
side of the substrate; 

[001 7] Figure 8 is a schematic of a DVD construction having two reflective data layers, both 
disposed on the same side of the center of the substrate, and both readable from the same 
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side of the substrate; 

[001 8] Figure 9 Is a schematic of a DVD construction having four reflective data layers, two 

disposed on each side of the center of the substrate, and two readable from each side of the 
substrate; and 

[001 9] Figure 1 0 Is a graphical illustration of light transmission of several colorants In 1 .2 mm 
polycarbonate substrate at a loading of 0.014 weight percent 

Detailed Description 

[0020] Refem'ng to Rgure 1 , a digital versatile disk (DVD) comprises two bonded plastic 

substrates (or resin layers) 1 each typically having a thickness less than or equal to about 1.0 
mm, with a thickness of less than or equal to about 0.7 mm preferred. At least one substrate 
comprises one or more layers (e.g., 3, 5), of data. The first layer 3, generally called layer zero 
(or LO), is closest to the side of the disk from which the data is read (surface 7). The second 
layer 5, generally called layer 1 (Li ), is further from the readout surface 7. Disposed between 
LO (3) and L1 (5) is typically an adhesive 9 and optionally a protective coating or separating 
layer 1 1 . Single sided DVD"s (i.e., those that will be read from a single readout surface 7 
disposed on one side of the DVD), can additionally comprise a label 13 disposed on the side of 
the DVD opposite the readout surface 7. 

[0021] In the case of a single layer read from a readout surface 7 (e.g. DVD 5, DVD 1 0), a 

stamped surface is covered with a thin reflective data layer by a sputtering or other deposition 
process . This creates a metallic coating typically about 60 to about 100 angstroms ( A ) thick. 
(See Figures 3, 5, and 6) For two data layer DVDs that are read from the same readout surfoce 
7 (e.g. DVD 9, DVD 14, DVD 18), the laser must be able to reflect from the first layer 3 when 
reading it, but also focus (or transmit) through the first layer 3 when reading the second layer 5. 
(See Figures 4, 7, 8, and 9; DVD 9, DVD 9. DVD 14, DVD 18, respectively) Therefore, the first 
layer 3 is "seml-transparenr(i.e., semiHreflective), while the second layer 5 is ^ully-reflective". 
Under current standards set by the Consortium for Optical Media, metallization combination for 
the fully-reflective and semi-reflective data layers, as measured per the electrical parameter 
R14H (as described in ECMA speciflcatlons #267), should be about 18 percent (%) to about 
30% at the wavelength of the laser. In the present DVD"s, the laser wavelength generally 
employed is less than or equal to about 700 nm, with about 400 nm to about 675 nm preferred, 
and about 600 nm to about 675 nm more prefen^ed. Although these metallization standards 
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were set for DVD data layers employed with colorless, optical quality resin, they are equally 
applied to DVD systems with colored resin. 

[0022] When color is added to the resin, light transmission through and reflected from the 

substrate is effected. The metallization nature and thicicness on the semi-reflective and fully 
reflective (LO (3) and L1 (5)) layers is adapted for the light transmission of the substrate. 
Desired reflectivity can be obtained by balancing the metallization thickness with the reflectivity 
of the semi-reflective data layer 3, and by adjusting the thickness of the fully reflective data 
layer 5 to ensure its reflectivity, is within the desired speciflcation. 

[0023] Metallization for the individual data layer(s) can be obtained using various reflective 
materials. Materials, e.g., metals, alloys, and the like, having sufficient reflectivity to be 
employed as the semi-reflective and/or fully reflective data layers, and which can preferably be 
sputtered onto the substrate, can be employed. Some possible reflective materials comprise 
gold, silver, platinum, silicon, aluminum, and the like, as well as alloys and combinations 
comprising at least one of the foregoing materials. For example, the flrst/second reflective data 
layer metallization can be gold/aluminum, silver alloy/aluminum, silver alloy/silver alloy, or the 
like. 

[0024] In addition to the overall reflectivity of each layer 3.5, the difference in reflectivity between 
subsequent reflective data layers (e.g., layers 3,5) should be controlled, in order to ensure 
sufficient reflectivity of the subsequent layer. Preferably, the difference in reflectivity between 
subsequent layers (e.g.. the flrst and second layers 3,5,) is less than or equal to about 5%,.wlth 
less than or equal to about 4% preferred, and less than or equal to about 3.0% more preferred. 
It is further prefenred to have a reflectivity difference between the adjacent reflective data layers 
3,5, of greater than or equal to about 0.5%, with greater than or equal to about 1 % more 
prefen-ed. It should be noted that although described in relation to two layers, It is understood 
that more than two layers could be employed, and that the difference in reflectivity between 
subsequent layers should be as set forth above. 

[0025] reflective data layers are typically sputtered or othenA/ise disposed on a pattern (e.g., 

surface features such as pits, grooves, asperities, start/stop orientor, and/or the like) formed 
into a surface of the substrate via molding, embossing, or the like. Depositions, for exannple, 
can comprise sputtering a semi-reflective data layer over a first patterned surface. A separator 
layer or protective coating can then be disposed over the semi-reflective data layer. If a 
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multiple data layer DVD (e.g.. DVD 14. DVD 18, or the like) is to be formed, a 2 patterned 
surface can be formed (e.g., stamped or the like) in the side of the separator layer opposite the 
semi-reflective data layer. A fully reflective data layer can then be sputtered or otherwise 
deposited on the separator layer. Altematively, for DVD 14 construction, the fully reflective data 

layer can be deposited on a pattemed surtece of a 2 substrate (or resin layer). A separate 
layer or protective coating is then disposed on one or both of the semi-reflective data layer and 
the fully reflective data layer. A bonding agent or adhesive can then be disposed between the 2 
substrates and they can be bonded together to form a disk as illustrated In Figures 3-9. 
Optionally, several semi-reflective data layers can be deposited with a separator layer between 
each subsequent layer. 

[0026] The reflectivity of the reflective data layer(s) can be about 5% to about 100%. depending 
• upon the nun^er of reflective layers. If a single reflective data layer is employed, the reflectivity 
Is preferably about 30% to about 100%. with about 35% to about 90% more prefen'ed, and 
about 45% to about 85% even more preferred. If a dual reflective data layer is employed, the 
reflectivity of the data layers is preferably about 5% to about 45%, with about 10% to about 
40% more preferred, about 1 5% to about 35% even more preferred, and about 1 8% to about . 
30% especially preferred. Finally, if multiple reflective data layers (e.g.. greater than 2 reflective 
data layers readable from a single reading surface) are employed, the reflectivity is preferably 
about 5% to about 30%, with about 5% to about 25% more preferred. The especially prefen^ed 
ranges are cunrently based upon the ECMA speciflcat'on #267, wherein the reflectivity is either 
about 18% to about 30% reflectivity for a dual layered DVD (e.g., at least one fully reflective 
layer and at least one semi-reflective layer) or about 45% to about 85% reflectivity for a single 
layer DVD (e.g., one fully reflective layer). 

[0027] substrate can comprise any optical quality plastic, e.g.. any plastic which enables the 

transmission of greater than or equal to about 60% of light therethrough, in the wavelength 
region of the laser. Preferably, the transmlssivity is greater than or equal to about 65%, with 
greater than or equal to about 75% more prefenred. and greater than or equal to about 85% 
especially preferred. The plastic substrate can comprise a resin such as an amorphous, 
crystalline, or semi-crystalline thermoplastic, a thermoset. or a combination comprising at least 
one of the foregoing plastics. Some possible plastics include polyetherimides, 
polyetheretherketones. polyimides, polyvinyl chloride, polyoleflns (including, but not limited to. 
linear and cyclic polyoleflns and including polyethylene, chlorinated polyethylene, 
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polypropylene, and the like), polyesters (including, but not limited to. polyethylene 
terephthalate. polybutylene terephthalate. polycyclohexylmethylene terephthalate. and the like), 
polyamides, polysulfones (including, but not limited to, polyethersulfones, 
polyetherethersulfones, hydrogenated polysulfones, and the like), polyimides, polyether imides. 
polyether sulfones, polyphenylene sulfides, polyether ketones, polyether ether ketones, ABS 
resins, polystyrenes (including, but not limited to, hydrogenated polystyrenes, syndiotactic and 
atactic polystyrenes, polycyclohexyl ethylene, styrene^acrylonitrile, styrene-co-maleic 
anhydride, and the like), polybutadiene. polyacrylates (including, but not limited to, 
polymethylmethacrylate, methyl methacrylate-polyimide copolymers, and the like), 
polyacryionitrile. polyacetals, polycarbonates, polyphenylene ethers (including, but not limited 
to, those derived from 2,6-dimethylphenol and copolymers with 2,3,6-trimethylphenol, and the 
like), ethylene-vinyl acetate copolymers, polyvinyl acetate, liquid crystal polymers, ethylene* 
tetrafluoroethylene copolymer, aromatic polyesters, polyvinyl fluoride, polyvinylidene.fluoride, 
polyvinylldene chloride, tetrafluoroethylene fluorocarbon copolymers (e.g.. Teflons), epdxy, - 
phenolic, alkyds, polyester, polyimide, polyurethane, polysiloxanes, polysilanes, bls- 
malelmides, cyanate esters, vinyl, and benzocyclobutene resins, in addition to blends, 
copolymers, mixtures, reaction products and composites comprising at least one of the 
foregoing plastics. Preferably, the substrate comprises polycaribonate, with a primarily 
polycart)onate (e.g.. greater than or equal to about 80% polycarbonate) substrate especially 
prefen-ed. 

[0028J ^ used herein, the tenms "polycart)onate", "polycarbonate composition", and "composition 
comprising aromatic cart)onate chain units"includes compositions having stmctural units of the 
formula (I): 

0 

— R*-o— Lq — Q 

in which at least about 60 percent of the total number of R ^ groups are aromatic organic 

radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals. Preferably, R ^ is 
an aromatic organic radical and, more preferably, a radical of the fonnuia (II): 

— a'— y'— a' — (D) 

1 2 1 
wherein each of A and A is a monocyclic divalent aryl radical and Y is a bridging radical 

1 2 

having one or two atoms which separate A from A . In an exemplary embodiment, one 
1 2 

atom separates A from A . Illustrative, non-limiting examples of radicals of this type are -0-, 
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-S-, -S(0)-. -S(0 2 -C(0)-, methylene, cyclohexyl-methylene, 2ethylidene. isopropylidene, 

neopentylidene, cyclohexylidene, cyclopentadecylidene, cydododecylklene, and 

adamantylidene. The bridging radical Y ^ can be a hydrocarbon group or a saturated 
hydrocarbon group such as methylene, cyclohexylidene or isopropylldene. 

[0029] Polycarbonates can be produced by the interfacial reaction of dihydroxy compounds in 

which only one atom separates A and A .As used herein, the temi "dihydroxy compound" 
includes, for example, bisphenol compounds having general formula (III) as follows: 



wherein R ^ and R each represent a halogen atom or a monovalent hydrocarbon group and 
may be the same or different; p and q are each independently integers from 0 to 4; and X ^ 
represents one of the groups of fonmula (IV): 



wherein R and R each Independently represent a hydrogen atom or a monovalent linear or 
cyclic hydrocarbon group and R ^ is a divalent hydrocarbon group. 

[0030] Some illustrative, non-limiting examples of suitable dihydroxy compounds Include dihydric 
phenols and the dihydroxy-substituted aromatic hydrocarbons disclosed by name or fonmula 
(generic or specific) in U.S. Patent No. 4,217,438. A nonexclusive list of specific examples of 
the types of bisphenol compounds that may be represented by fomnula (III) includes the 
following: 1,1-bis(4-hydroxyphenyl) methane; 1,1-bis(4-hydroxyphenyl) ethane; 2,2-bis(4- 
hydroxyphenyl) propane (hereinafter "bisphenol A"or "BPA"); 2,2-bis(4^ydroxyphenyl) butane; 
2,2-bis(4-hydroxyphenyl) octane; 1,1-bis(4-hydroxyphenyl) propane; 1,1-bis(4-hydroxyphenyl) 
n-butane; bis(4-hydroxyphenyl) phenylmethane; 2,2-bis(4-hydroxy-1-methylphenyl) propane; 
1,1-bis(4-hydroxy-t-butylphenyl) propane; bis(hydroxyaryl) alkanes such as 2,2-bis(4-hydroxy- 
3-bromophenyl) propane; 1 ,1 -bis(4-hydroxyphenyl) cyclopentane; and bis(hydroxyaryl) 
cycloalkanes such as 1 ,1-bis(4-hydroxyphenyl) cyclohexane; and the like, as well as 
combinations comprising at least one of the foregoing compounds. 





or 




(IV) 



[0031] . 



It is also possible to employ polycarbonates resulting from the polymerization of two or 
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more different dihydric phenols or a copolymer of a dihydric phenol with a glycol or with a 
hydroxy- or acid-terminated polyester or with a dibasic acid or with a hydroxy acid or with an 
aliphatic diadd in the event a carbonate copolymer rather than a homopolymer is desired for 
use. Generally, useful aliphatic diacids have from 2 to about 40 carbons. A preferred aliphatic 
diacid is dodecandioic acid. Polyarylates and polyester-carbonate resins or their blends can 
also be employed. Branched polycarbonates are also useful, as well as blends of linear 
polycarbonate and a branched polycarbonate. The branched polycarbonates may be prepared 
by adding a branching agent during polymerization. 

[0032] These branching agents may comprise polyfunctional organic compounds containing at 
least three functional groups which may be hydroxyl, carboxyl, carboxylic anhydride, 
halofonnyl, and mixtures comprising at least one of the foregoing groups. Specific examples 
include trimeliitic acid, trimellitic anhydride, trimellitic trichloride, tris-p-hydroxy phenyl ethane, 
isatin-bis-phenol, tris-phenol TC {1,3,5-tris((p-hydroxyphenyl)isopropyl)ben2ene), tris-phenol 
PA (4(4(1, l-bis(p-hydroxyphenyl)-ethyl) alpha.alpha-dimethyl benzyi)phenol), 4-chloroformyl 
phthalic anhydride, trimesic acid and benzophenone tetracari)oxylic acid, and the like. The 
branching agents may be added at a level of about 0.05 to about 2.0 weight percent, based 
upon the total weight of the resin. Branching agents and procedures for making branched 
polycart)onates are described in U.S. Patent. Nos. 3,635,895 and 4,001.184. All types of 
polycartsonate end groups are herein contemplated. . 

1 2 

[0033] Prefen'ed polycarbonates are based on bisphenol A, in which each of A and A is p- 
phenylene and Y ^ is isopropylidene. Preferably, the weight average molecular weight of the 
polycarbonate is about 5,000 to about 100,000, more preferably about 10,000 to about 65,000, 
and most preferably about 15.000 to about 35,000. 

[0034] 



In monitoring and evaluating polycart)onate synthesis, it Is of particular interest to 
detennine the concentration of Fries product present in the polycarbonate. As noted, the 
generation of significant Fries product can lead to polymer branching, resulting in 
uncontrollable melt behavior. As used herein, the temis "Fries"and "Fries producfdenote a 
repeating unit in polycarbonate having the formula (V): 
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wherein X ^ is a bivalent radical as described in connection with fonnula (III) described above. 

[0035] the polycarbonate composition may also include various additives ordinarily Incorporated 
in resin compositions of this type. Such additives are, for example, fillers or reinforcing agents; 
heat stabilizers; antioxidants; light stabilizers; plasticizers; antistatic agents; mold releasing 
agents; additional resins; blowing agents; and the like, as well as combinations comprising at 
least one of the foregoing additives. Examples of fillers or reinforcing agents include glass 
fibers, asbestos, cartoon fibers, silica, talc and calcium cari}onate. Examples of heat stabilizers 
include triphenyl phosphite, tris-(2.6-dimethylphenyl)phosphite, tris-{mixed mono-and di- 
honylphenyOphosphite, dimethylbenzene phosphonate and trimethyl phosphate. Examples of 
antioxidants include pctadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, and 
pentaerythrityl-tetrakis[3-<3.5-di-tert-4)Utyl-44iydroxyphenyl)propionate] Examples of light 
stabilizers include 2-{2-hydroxy-5-melhylphenyl)benzotriazole, 2-(2-hydroxy-5-tert-octylphenyl)- .. . 
benzotriazole and 2-hydroxy-4-n-octoxy benzophenone. Examples of plasticizers include 
dioctyl-4,5-epoxy-hexahydrophthalate. tris-(octoxycarbonylethyl)isocyanurate, tristearin and 
epoxidized soybean oil. Examples of the antistatic agent include glycerol monostearate. 
sodium stearyl sulfonate, and sodium dodecylbenzenesulfonate. Examples of mold releasing 
agents include stearyl stearate, beeswax, montan wax and paraffin wax. Examples of other 
resins include but are not limited to polypropylene, polystyrene, polymethyl methacrylate, and 
polyphenylene oxide. Combinations of any of the foregoing additives may be used. Such 
additives may be mixed at a suitable time during the mixing of the components for forming the 
composition. 



In addition to the polymer and coloring material, the composition may optionally include 
various additives ordinarily incorporated in resin compositions of this type. Such additives may 
Include UV absorbers; stabilizers, such as light and thenmal stabilizers (e.g., acidic' 
phosphorous-based compounds); hindered phenols; zinc oxide, zinc sulfide particles, or 
combination thereof; lubricants (mineral oil, and the \ke)] plasticizers; antioxidants; anti-static 
agents (tetra alkylammonium benzene sulfonate salts, tetra alkylphosphonium benzene 



[0036] 
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sulfonate salts, and the like); mold releasing agents (pentaerythritol tetrastearate; glycerol 
monstearate, and the like); and the like, and combinations comprising at least one of the 
foregoing additives. For example, the substrate can comprise about 0.01 weight percent wt% to 
about 0.1 wt% heat stabilizer, about 0.01 wt% to about 0.2 wt% antistatic agent; and about 0.1 
wt% to about 1 wt% mold releasing agent; based upon the total weight of the polymer. 

[0037] Some possible antioxidants include, for example, organophosphites, e.g., tris(nonyl-phenyl) 
phosphite, tris(2,4-dM-butylpheny))phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol 
diphosphite, distearyl pentaerythritol diphosphite and the tike; alkylated monophenols. 
polyphenols and alkylated reaction products of polyphenols with dienes, such as, for example, 
tetrakisImethylene(3,5-di-tert-butyl-4-hydroxyhydroclnnamate)] methane, 3,5-di-tert-butyl-4- 
hydroxyhydrocinnamate octadecyl, 2,4-di-tert-butylphenyl phosphite, and the like; butylated 
reaction products of para-aesol and dicyclopentadiene; alkylated hydroqulnones; hydroxylated 
thiodiphenyl ethers; alkylldene-blsphenols; benzyl compounds; esters of beta-(3,5-dl-tert-butyl- . 
4-hydroxyphenyl)-propionic acid with monohydric or polyhydric alcohols; esters of beta-(5-tert- 
butyl-4-hydroxy-3-methylphenyl)-propionic acid with monohydric or polyhydric alcohols; esters 
of thioalkyi or thioaryl compounds, such as, for example, distearyithiopropionate, 
dilaurylthiopropionate, ditridecyilhiodipropionate. and the like; amides of beta-(3,5-di-tert-butyl- 
4-hydroxyphenyi)-propionic acid; and the like, as well as combinations comprising at least one 
of the foregoing antioxidants. 

[0038] In order to aid in the processing of the polymer, particularly polycarbonate, catalyst(s) may 
also be employed, namely in the extruder or other mixing device. The catalyst typically assists ^ 
in controlling the viscosity of the resulting material. Possible catalysts include hydroxides, such 
as tetraalkylammonium hydroxide, tetraalkyiphosphonium hydroxide, and the like, with 
diethyldimethylammonium hydroxide and tetrabutylphosphonium hydroxide prefen*ed. The 
catalyst(s) can be employed alone or in combination with quenchers such as acids, such as 
phosphoric add, and the like. Additionally, water may be Injected into the polymer melt during 
compounding and removed as water vapor through a vent to remove residual volatile 
compounds. 

[0039] 

The polymer is produced by using a reaction vessel capable of adequately mixing various 
precursors, such as a single or twin screw extruder, kneader, blender, or the like. The polymer 
is then formed, via a molding, extrusion, rolling, stamping, or similar techniques, into a 
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substrate. 

[0040] Adjacent substrates are attached together with an adhesive or bonding agent (e.g., 
separator or bonding layer). Any bonding agent having the desired optical qualities can be 
employed. Some possible bonding agents include glue (e.g., hot glue), acrylic resin (e.g.. ultra- 
violet (UV) curable acrylic resin, with transparent (i.e., greater than or equal to UV curable 
acrylic resin prefenred). and the like, as well as combinations comprising at least one of the 
foregoing bonding agents. 

[0041] As with the bonding agent, the separating layer can comprise a transparent material. Some 
possible separating layers Include UV curable transparent resins. Typically, the separating 
(bonding) layer Is up to or exceeding several hundreds of micrometers ( p m) thick, with a 
thickness of less than or equal to about 100 p m useful, and a thickness of about 40 m m to 
about 70 M m typically employed with cunrent DVD formats. 

[0042] The color can be added to the DVD by incorporating colorant into the substrate (e.g., the 
resin layer), the separator layer(s), a top coat, or any combination comprising at least one of 
the foregoing layers. The coloring of the disk can be obtained in several ways, e.g., using a 
pre-colored resin for the substrate(s) and/or separating iayer(s). mixing a coloriess resin and a 
color concentrate at the molding machine, and using liquid or powder coloring. Whether the 
colorants are Introduced by feeding during the extrusion process, by physical mixing of 
colorless pellets with a color concentrate before molding, or by liquid or powder coloring at the 
molding machine, the colorant and its concentration are chosen to meet the DVD 
specifications. Even when colorant is employed, transparency of the substrate (e.g., greater 
than or equal to about 60% transparency at the reading wavelength) is maintained in order to 
attain a bootable DVD. 

[0043] Transparency of the substrate is directly related to the amount of scattering particles 
present In the substrate and their size. If they are significantly smaller than the visible 
wavelength, scattering will not be noticeable. Since the colorants can be a major source of 
scattering particles, the colorant is preferably filtered, with melt filtering espedally preferred, 
e.g., during adding in the extrusion process. Preferably, the size of the filtered colorant particles 
(and aggregates thereof) is less than or equal to about 200 nanometers (nm), with a particle 
(and aggregate) size of less than or equal to about 50 nm prefeaed. 
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[0044] Colorants aris also preferably selected so that they solubilize in the material used to form 
the layer in which the colorant is disposed. Colorants that are soluble in the materials used for 
DVD layers include dyes (e.g., "solvent dyes"), organic colorants, pigments, and the like, which 
behave like dyes; i.e.. colorants that disperse in the plastic and do not form aggregates having 
a size greater than or equal to about ^00 nm, with an aggregate size less than or equal to 
about 50 nm prefen^ed. Some suitable colorants include, but are not limited to, those of the 
chemical femily of anthraquinones, perylenes, perinones, indanthrones, quinacridones, 
xanthenes, oxazines, oxazolines, thioxanthenes, Indigoids, thioindigolds, naphtalimldes, 
cyanines. xanthenes, methines, lactones, coumarins, bis-benzoxaxolylthiophenes (BBOT), 
napthalenetetracarboxylic derivatives, monoazo and disazo pigments, triarylmethanes, 
aminoketones, bis(styryl)biphenyl derivatives, and the like, as well as combinations comprising 
. at least one of the foregoing colorants. 

[0045] Factors in detemiining the plastic/colorant combination and the amount of colorant 
employed are currently based upon the above mentioned DVD specifications (EMCA 
Specifications #267). In order to obtain a semi-reflective data layer and a fully reflective data 
layer reflectivity within specifications (about 1 8% to about 30%) for a colored multi-layered 
DVD, the light transmission and colorant concentration are balanced. The light transmission 
through the substrate (i.e., DVD half) at the DVD readback laser wavelength is preferably 
greater than or equal to about 60%. The colorant loading, as well as colorant nature (e.g., the 
shape of the spectral transmission cun/e), are dependent on the target color and light 
transmissivity. 

[0046] Figure 1 0 illustrates the different light transmission of some common plastic colorants 
(Solvent Violet 13, Solvent Blue 97 and Solvent Green 28). The colorant that has the Ipvyer 
absorptivity at the desired wavelength, e.g., at 650 nm. therefore exhibits the maximum 
transmission at this wavelength and is preferred. Selection of colorants with high absorptivity at 
the desired wavelength limits the maximum colorant loading possible to yield a functional multi- 
layered DVD. Since colorants with a lower absorptivity at the desired wavelength can be used 
at higher loadings in the fomiulation it becomes easier to obtain the target color in a functional 
disk. For instance, Solvent Violet 13 is prefen'ed over Solvent Blue 97 when trying to achieve a 
blue color because of its lower absorptivity at 650 nm. 

[0047] 

Typically, the colorant loading is greater than or equal to about 0.000001 weight percent 
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(wt%), with greater than or equal to about 0.00001 wt% preferred, greater than or equal to 
about 0.0001 wt% more prefenred, and greater than or equal to about 0.001 wt% even more 
preferred, based upon the total weight of the layer comprising the colorant (e.g., the substrate, 
separator layer, or top coat). It is further preferred to employ colorant in an amount of less than 
or equal to about 0.5 wt%, with less than or equal to about 0.05 wt% preferred, and less than or 
equal to about 0.005 wt% more preferred. 

[0048] In addition to the reflective layers and separator layer(s), layers such as protective layer(s) 
(e.g.. lacquers, and the like), ultra-violet (UV) inhibitor layer(s), moisture barrier layer(s), 
ductility layer(s), and the like, as well as combinations comprising at least one of these layers, 
can be employed. 

[0049] The disclosure is further illustrated by the following non-limiting examples. 

[0050] The following resin compositions (A to H) have been used to manufacture multi-layered 

DVD (DVD-9). All of the samples comprised a substrate comprising 100 parts of polycaribonate 
resin having a weight average molecular weight (iVlw) of 17,700, 0.02 parts of bis(2,4- 
dicumylphenyl)pentaerythrytol diphosphite, and 0.03 parts of glycerol monostearate, based 
upon the total weight of the substrate. The additional components of the substrate are set forth 
In Table I. All amounts are In parts by weight, based upon the total weight of the substrate. 
[t1] 



TABLE I 


Component 


Sample (amount in parts by weigbt) 


B 


C 


D 


£ 


F 


G 


H 


SRedS2 


0.05 














S Yellow 93 




0.05 












SRedl3S 






0.05 










S Yellow 98 








0.03- 


0.03 






S Green 3 








0.0015 


0.0035 


0.0008 




S Violet 13 












0.005 


0.005 


S Blue 97 














0.003 


0 Brightener 
184 












0,05 


0.056 



Solvent r*S") Red 52. S Red 1 35. S YcHow 93, S Greeo 3, S Violet 1 3, and S Blue 97 are commercially 
available from Bayer CoiporBtion / Coalings and Colorants Division, Pittsburgh, PA; 

S Yellow 98 is commercially available from Clarianl Pigments & Additives Division, Sulzbach 
(Cermaoy); 

Optical C^") Brightener 184 is commerciaUy available from Ciba Specialty Cbcmicab, Basel 
(SwitKxUad); 



file://W:\GE%20Plastics\GPl-0065\EFS\AppUcation.xml 



8/7/01 



) ) 

[0051] The formulations were blended and then extruded using a single screw extruder at a melt 
temperature of 290 " C, and palletized. DVD-9 substrates were molded from the pelletized 
material after drying in an oven for 4 hours at 120 C. Sumitomo SD30 Molding Machines with 
Seiko Geildn DVD Molds were used for the molding operation. The substrates (DVD halves) 
were metallized using a Unaxis Metallizers sputtering system. The bonding operation was 
perfomned on a Steag Hamatech Unline 3000 DVD Bonder. Complete electrical testing was 
completed on AudioDev DVDPro SA300 Pulsetech Drives. Additional physical and mechanical 
parameters were tested on Dr. Schenk PROmeteus MT136. 

[0052] A MacBeth Coloreye 7000A spectrophotometer was used to measure the light transmission 
of the substrates (non-metallized DVD halves) at 650 nm. Table II sets forth the light 
transmission at 650 nm (expressed in percent transmission (%T)) and the corresponding 
reflectivity measured on each layer (LO and LI) by the electrical parameter R14H. 
[t2] 



TABLE n 


Formnlatlon 


Disk color 


%T@(50nin 


V»Rt4H/L0 


%R14H/L1 


k 


Coloiless 


90 


25 


23 


B 


Violet 


89 


24 


23 


C 


Yellow 


90 


25 


24 


D 


Red 


90 


23 


24 


E 


Lig)it Green 


83 


22 


20 


F 


Medium Green 


62 


19 


18 


G 


light Bhie 


73 


Unbootable 


Unbootable 


H 


Light Blue 


78 


24 


16 



[0053] The metallization settings (e.g., resulting in the same thicknesses for LO and L1 ) used were 
the same for fomiulatlons A through D since there was no absorption of the light by the color 
substrate at 650 nm. Gold or silver alloy was used for the semi-reflective data layer (LO) and 
aluminum was used for the fully reflective data layer (LI). The reflectivity measured by R14H 
on the colorless (A), violet (B), yellow (C). and red (D) dislcs. respectively, was on target for all 
the disks, which demonstrates that colored multi-layered DVD (here DVD-9) can be obtained 
with the same level of perfomnance as colorless DVD. 

[0054] 

For formulations (E) and (F), balanced metallization settings were used between LO (silver) 
and L1 (aluminum). Despite the strong absorptivity at 650 nm for formulation (F) (%T equal to 
* 62), a fully functional disk was obtained since both LO and L1 meet the DVD-Read only 
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specifications (R14H between 18 and 30% and the difference between R14H of LO and Lrs 
less than 5%). With a substrate having a higher light transmission, Le., formulation (E) with 
83%. reflectivity can even be increased to reach 22% reflectivity on LO and 20% on LI enabling 
consistent production of operable disks. 

[0055] For formulations (G) and (H), the metallization was not balanced but reflectivity on LO was 
maximized in order to reach a value as close as possible to 24% for R14H on LO. This method 
led to an unbootable disk with formulation (G) and to a disk where LI was outside the 
specifications range for formulation (H). It is noteworthy that when a balanced metallization is 
used, a substrate having only 62% of reflectivity (and therefore a more Intense coloration) 
leads to a fully functional disk within speciflcations whereas unbalanced metallization in a disk 
with a light transmission of 73 or even 78% leads to non-functional DVD-9s. These examples 
are a dear illustration that light transmission by Itself does not ensure a fully functional colored 
multi-layered OVD when the colorants absorb at 650 nm. 

[0056] It is well known to those skilled in the art that the metallization nature and thickness of a 
layer have a significant effect on reflectivity. It is therefore possible to compensate for the low 
transmissivity of a substrate in a single layer DVD system (DVD 5, DVD 10) by increasing the 
thickness of the metallization and/or the use of an intrinsically more reflective metal. This is not 
possible in a multi-layered DVD system (DVD 9. DVD 14. DVD 1 8) because of the presence of 
a seml-reflective data layer. The semi-reflective data layer both reflects and transmits light so 
that information present on LO and LI can be read. 

[0057] If current metallization parameters are applied to a disk having a colored substrate, the disk 
will often be.outside of specifications, i.e. the reflectivity of one or both layers is below 1 8%. 
Disk manufocturers usually try to address this problem the same way as In CDs or single . 
layered DVDs, i.e. by substantially increasing the metallization thickness on LO to get a target 
value of about 24% reflectivity. Unfortunately, this approach often results in non-functional 
disks or disks that are out of specifications because of the very low reflectivity of Li . The 
reason why this approach is inherently flawed is that any increase in the metallization of LO will 
decrease the reflectivity of LI because less light goes through LO and reflects on L1. This 
explains why LO and L1 reflectivity are closely related and why both metallizations need to be 
balanced and not treated independently in a multi-layered DVD system. 

[0058] Qy relating the reflectivity of both the fully reflective data layer and the semi-reflective data 
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layer such that the difference in reflectivity between these layers is less than about 5%, and the 
transniisslvity of the layer is at least about 60%, then a colored, functional, multilayered DVD 
can be obtained. 

[0059] Production of functional, colored, multi-layered optical disks enables both aesthetic value 
and increased life. In other words, customized colors can be employed to create a brand 
identification. Finally, adding colorants to an optical disk can increase the weatherability since 
some colorants have the ability to "screen" UV light that is known to degrade the mechanical 
properties of plastics. 

[0060] While the invention has been described with reference to an exemplary embodiment, it will 
be understood by those skilled in the art that various changes may be made and equivalents 
may be substituted for elements thereof without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a particular situation or material to the 
teachings of the invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but that the invention will include all 
embodiments falling within the scope of the appended claims. 
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Claims 

[c1] 1 .A method for making an optical disk, comprising: 

disposing a first semi-reflective data layer on a first resin layer, wherein the first resin 
layer has light transmission at a desired reading wavelength of greater than about 60%; 
disposing a top side of a first fully reflective data layer on a side of said first semi- 
reflective data layer opposite said first resin layer, wherein reflectivity of the first fully 
reflective data layer and the first semi-reflective data layer is individually about 18% to 
about 30%. and wherein a difference In the reflectivity between the first fiilly reflective 
data layer and the first semi-reflective data layer is less than about 5%; 
disposing a separating layer between said first fully reflective data layer and said first 
semi-reflective data layer; 

disposing a second resin layer on a bottom side of said first fully reflective data layer; 
and 

adding color to at least a portion of the optical disk. 

[c2] 2.The method according to Claim 1 , further comprising disposing a bonding layer 

between the first fully reflective data layer and the second resin layer, and disposing a 
second fully reflective data layer between the bonding layer and the second resin layer, 
wherein a reflectivity of the second fully reflective data layer Is about 45% to about 85%. 

[c3] S.The method according to Claim 1 , further comprising disposing a second separating 

layer between the second fully reflective data layer and the second resin layer, and 
disposing a second semi-reflective data layer between the second separating layer and 
the second resin layer, wherein a difference in reflectivity between the second fully 
reflective data layer and the second seml-refiective data layer is less than about 5%; 
and 

wherein at least one layer selected from the group consisting of the first separating 
layer, the first resin layer, the second separating layer and the second resin layer is 
colored. 

4. The method according to Claim 1, wherein the difference in reflectivity is less than or 
equal to about 4%. 

5. The method according to Claim 4, wherein the difference in reflectivity is about 0.5% 
to about to about 3%. 



Ic4] 
Ic5] 
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[c6] e.The method according to Claim 5. wherein the difference in reflectivity is about 1 % to 

about to about 3%. 

[c7] 7.The method according to Claim 1 , wherein adding color comprises adding a colorant 

to the separator layer, a top coat, the first resin layer, or a combination comprising at 
least one of the foregoing. 

[c8] S.The method according to Claim 1 , wherein said colorant is selected from the group 

consisting of anthraquinones, perylenes, perinones, indanthrones, quinacridones, 
xanthenes, oxazines, oxazolines, thioxanthenes. indigoids, thioindigoids, naphtalimides, 
cyanines, xanthenes, methines; lactones, coumarins, bis-benzoxaxolylthiophenes 
(BBOT), napthalenetetracarboxylic derivatives, monoazo and disazo pigments, 
triarylmethanes, aminoketones, bis(styryl)biphenyl derivatives, and the like, as well as 
combinations comprising at least one of the foregoing colorants. 

[c9) 9.The method according to Claim 1 , wherein said resin is selected from the group 

consisting of amorphous thennopiastic, crystalline thermoplastic, semi-crystalline 
themfioplastic, thermoset, or a combination comprising at least one of the foregoing 
resins. 

[c1 0] 1 0.The method according to Claim 9. wherein said resin is selected from the group 

consisting of polyetherimides, polyetheretherketones, polyimides, polyvinyl chloride, 
polyoiefins, polyesters, polyamldes, polysulfones, polyimides, poiyether imides, 
polyether sulfones, polyphenylene sulfides, poiyether ketones, poiyether ether ketones, 
ABS resins, polystyrenes, polybutadiene, polyacrylates, polyacrylonitrile, polyacetals, 
polyphenylene ethers, ethylene-vinyl acetate copolymers, polyvinyl acetate, liquid crystal 
polymers, ethylene-tetrafluoroethylene copolymer, aromatic polyesters, polyvinyl 
fluoride, polyvinylidene fluoride, poiyvinylidene chloride, tetrafluoroethylene fluorocarbon 
copolymers, epoxy, phenolic, alkyds, polyester, polyimMe, polyurethane, polysiloxanes, 
polysilanes, bis-maleimides, cyanate esters, vinyl, benzocyclobutene resins, and blends, 
copolymers, reaction products, and composites comprising at least one of the foregoing 
resin. 

[c1 1] 1 1 .The method according to Claim 1 , wherein said resin comprises polycarbonate. 

Ic12] 

12.An optical disk, comprising: 
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a first fully reflective data layer, a first separating layer disposed on a top side of the first 
fully reflective data layer, a first semi-reflective data layer disposed on a side of the 
separating layer opposite the first fully reflective data layer, a first resin layer disposed 
on an upper side 0ie first semi-reflective data layer opposite the separating layer, and a 
second resin layer disposed on a bottom side of said first fully reflective data layer; 
wherein the first outer resin layer has light transmission at a desired reading wavelength 
of greater than 60%; 

wherein a reflectivity of the first fully reflective data layer and the first semi-reflective 
data layer is individually about 1 8 to about 30%; 

wherein a difference in the reflectivity between the first fully reflective data layer and the 

first semi-reflective data layer is less than about 5%; and 
wherein at least a portion of the optical disV, is colored. . 

[c13] 13.The optical disk according to Claim 12, wherein the flrst outer resin layer is colored. 

[c14] U.The optical disk according to Claim 12, wherein the first separating layer is colored. 

[c1 5] 1 S.The optical disk according to Claim 1 2, wherein the first separating layer comprises a 

plurality of intermediate layers. 

[c16] ' 16.The optical disk according to Claim 12. wherein said first resin layer and said second 
resin layer have a thickness of about 0.4 mm to about 1 .0 mm. 

[c17] 17.The optical disk according to Claim 16, wherein thickness is about 0.5 mm to about 

0.7 mm. 

[c18] 1 S.The optical disk according to Claim 12, wherein the difference in reflectivity is less 

than or equal to about 4%. 

[c1 9] 19. The optical disk according to Claim 18, wherein the difference in reflectivity is about 

0.5% to about to about 3%. 

[c20] 20.The optical disk according to Claim 19, wherein the difference in reflectivity is about 

1% to about to about 3%. 



[c21] 



21 .The optical disk according to Claim 12, further comprising a bonding layer disposed 
on between the first fully reflective data layer and the second resin layer, and a second 
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fully reflective data layer disposed between the bonding layer and the second resin 
layer, wherein a reflectivity of the second fully reflective data layer is about 45% to about 
85%. 

[c22] 22.The optical disk according to Claim 21 , further comprising a second separating layer 

disposed between the second fully reflective data layer and the second resin layer, and 
a second semi-reflective data layer disposed between the second separating layer and 
the second resin layer; 

wherein a difference in the reflectivity between the second fully reflective data layer and 

the second semi-reflective data layer is less than about 5%; and 

wherein at least one layer selected from the group consisting of the first separating 

layer, ttie first resin layer, the second separating layer and the second resin layer is 

colored. 

[c23] 23.The optical disk according to Claim 1 2, wherein said colorant is selected from ttie 

group consisting of anthraquinones, perylenes, perinones, Indanttirones, quinacrldones, 
xanttienes, oxazlnes, oxazolines, thioxanthenes, indigoids. thioindigolds, naphtallmides, 
cyanines. xanttienes, methlnes, lactones, coumarins, bis-benzdxaxolylthiophenes 
(BBOT), napttialenetetracarboxylic derivatives, monoazo and disazQ pigments, 
triaryimethanes, aminoketones. bls(styryl)biphenyl derivatives, and ttie like, as well as 
combinations comprising at least one of ttie foregoing colorants. 



file:/AV:\GE%20Plastics\GPl-0065\EFS\Application.xml 



8/7/01 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^ LINES OR MARKS ON ORIGINAL DOCUMENT 
^ R£F£R£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



